Introduction {#sec1-1}
============

Insecticides are an important part of our farming system and have significant role among animals and human from insecticide exposure ([@ref1], [@ref2]). Pesticides may interfere with the female hormonal function, dysfunction and female infertility thereby cause negative effects on the reproductive system such as impaired gametogenesis, ovulation and menstrual disturbances, infertility, spontaneous abortions, ovarian disorders and developmental anomalies ([@ref2], [@ref3]).

The exposure to pesticides may induce alterations in survival granulosa cell (GCs) ([@ref4]). Few data have been reported concerning the effects of these pesticides on oocytes, granulosa, maturation and fertilization. Effect of organochlorine pesticides on maturation of starfish and mouse oocytes showed that many of the tested pesticides have been found to be more toxic to females than males ([@ref5]).

Movento as a pesticide is innovative, containing active substances such as spirotetramat that derived from tetramic acid ([@ref6]). Spirotetramat, cis-4-(thoxy-carbonyloxy)-8-methoxy-3-(2,5-xylyl)-1 azaspiro \[4.5\]dec-3-en-2-one, an insecticide is used against a wide range of insect pests in a variety of crops, in grapevine orchards and other vegetables for the control of sucking pests and domestic practices ([@ref6]-[@ref8]). The movento is an inhibitor of lipid biosynthesis and metabolism against sucking insect pests ([@ref9]). The overall acute toxicity of spirotetramat as well as long term, reproductive, neuro and geno-toxicity substance are low ([@ref10]). Movento induces liver, kidney, pancreas and spleen toxicity in male Wistar rats ([@ref7]). Also a study showed that movento toxicity effects on the growth and skeletal disorders as well as has a neurotoxicity ([@ref6]).

Vanin-1 (Vnn1) is a member of a protein family, consisting of at least three members in humans (Vanin-1, -2, and -3) and two members in mice (Vanin-1 and -3) ([@ref11]). It is one of main signs of follicle integrity. Forkhead O (FoxO), a subfamily of transcription factors, are able to regulate diverse cellular processes that include cell cycle arrest, DNA damage repair, apoptosis, proliferation, differentiation, stress response, senescence, longevity and metabolism ([@ref12]-[@ref15]). The importance of FoxO transcription factors have been demonstrated in mammalian ovaries.

This study was done to evaluate the effect of movento on development of granulosa cells and ovarian follicles and FoxO1 and Vnn1 gene expression in BALB/c mice.

Materials and Methods {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

DMEM medium 1X, FBS (fetal bovein serum), PBS (phosphate buffer salin), Trypsin-EDTA, antibiotic (penicillin-streptomycin) and ITS (insulin transferin selenium) were purchased from Gibco (USA). DAPI solution prepared from Applichem (USA), and AnnexinV-FITC kit was purchased from Abcam (England), FSH (Follicle Stimulating Hormone) was purchased from BSV (Germany), and methanol from Merck (Germany). The RNA isolation kit and C-DNA synthesis kit were purchased from Thermo Scientific (EU), SYBR Green Real-time PCR mastermix kit was purchased from Pars Tous (Iran), Xylenand and Bouin Fixative solution were purchased from Sigma (Germany), Bouins Fixative solution was from Sigma (Germany). Movento pesticide was provided from Bayer (Germany). Homozygous female BALB/c mice were purchased from Pasteur institute of Tehran, Iran.

Experimental animals {#sec2-2}
--------------------

In this study, 40 healthy female BALB/c mice 5--6 week's age, weighing 25--30 g were used. Temperature was maintained at 22±1 °C, and animals were subjected to 12 hr light-dark cycles. Animals were acclimatized for one week in laboratory conditions. Animals were randomly allocated into four groups. Control (without any intervention), and to the remaining three groups, movento was dissolved in PBS, administered as: experimental group 1 (25 mg/kg), experimental group 2 (50 mg/kg), and experimental group 3 (100 mg/kg), through oral intubation (by gavage) for 21 days. All of these animals were euthanized after three weeks. Following dissection, the ovaries were fixed in Bouin's solution for 24 hr and then embedded in paraffin wax (melting point 58--60 °C). The 5 µm thick serial sections were stained with hematoxylin and eosin (H&E), and slides were observed by Olympus microscope (Japan).

Ovary weight and total number of normal primary, secondary and antral follicles were counted by Kaur and Guraya method ([@ref16]).

Cell culture {#sec2-3}
------------

Female BALB/c mice were euthanized and their ovaries were removed. Granulosa cells were isolated mechanically from the ovary. The granulosa cells were put into culture plate containing DMEM medium 1X(1:1) with 10% (v/v) FBS, ITS 10U, FSH 100U and 1% antibiotic and incubated at 37 °C with 5% CO~2~ for 5 days. For examining the effects of movento on granulosa cells in culture, treatment were conducted using different concentrations of movento (125, 250, 500 μg/ml) for 24 hr.

DAPI staining {#sec2-4}
-------------

DAPI (4', 6-diamidino-2-phenylindole dihydro-chloride) staining was used to evaluate the changes morphology of the nuclei. For the nuclear analysis, after treatment of the granulosa cells with different concentrations of movento as previously explained, the cells were washed using PBS and fixed with methanol at room temperature for 10 min. Then, the fixed cells were incubated with 0.5 μg/ml of DAPI for 5 min. The apoptotic nuclei were examined under fluorescent microscope.

Flow cytometry analysis of apoptosis {#sec2-5}
------------------------------------

After exposure of granulosa cells to movento, granulosa cells were washed in PBS. Then, the cells were trypsinized and resuspended in 500 μl of 1X binding buffer and 5 µl Annexin V- FITC and 5 µl PI were added and incubated at 37 °C for 30 min in dark. Finally, were analyzed the cells by flow cytometry with WinMDI software. Positioning of quadrants Annexin V/PI on dot plots was performed and living cells (Annexin V−/PI−), early apoptotic cells (Annexin V+/PI−), late apoptotic (Annexin V+/PI+) and necrotic cells (Annexin V−/PI+) were distinguished.

Evaluation of gene expression by real-time PCR {#sec2-6}
----------------------------------------------

The expression of FoxO1 and Vnn1 mRNA were evaluated by real-time PCR. The total RNA was extracted from untreated and treated granulosa cells using the high pure RNA isolation kit (Thermo Scientific, USA) according to the manufacturer's instructions and then stored at -80°C. Then DNA was synthesized using a revertaid first strand cDNA synthesis kit (Thermo Scientific, USA) according to the manufacturer's protocol. Real-time experiments were conducted on a real-time PCR detection system (Bio-Rad CFX96) using SYBR Green real-time PCR master mix (Pars Tous, Iran).

The reaction PCR was performed in a final volume of 20 μl containing: 10 μl SYBR Green real-time PCR master mix, 2 μl cDNA, 4 μl water and 2 μl primer (forward and reverse). The sequences of the primers used are as follows:

FoxO1 Forward 5'TACGCCGACCTCATCACC 3'

Reverse 5'CACGCTCTTCACCATCCACT 3'

Vnn1 Forward 5'AAGTGTTGCTGAGTGAGG 3'

Reverse 5'TGTGCTATGAAGTCTGAGG 3'

GAPDH Forward 5'CAAGGTCATCCATGACAACTTTG 3'

Reverse 5'GTCCACCACCCTGTTGCTGTAG 3', which was used as reference gene.

Statistical analysis {#sec2-7}
--------------------

Data were expressed as mean±standard error. Data were analyzed by one-way ANOVA followed by the Tukey test, and the differences were considered statistically significant at *P*-value \< 0.05.

Results {#sec1-3}
=======

Histological studies {#sec2-8}
--------------------

In the phases of the follicular development, primary, secondary and antral observed in control and movento exposed-treated groups. The total number of primary, secondary and antral follicles were reduced significantly in movento exposed groups (25 µg/ml, 50 µg/ml and 100 µg/ml) in compare to the controls (\*\**P*-value\<0.01, \*\*\**P*-value \< 0.001) in ([Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}).

###### 

The number of primary, secondary and antral follicle in control group and treated groups at 21 days after administrating movento with different concentrations

  Parameters   Control      25 mov µg/ml                                     50 mov µg/ml                                     100 mov µg/ml
  ------------ ------------ ------------------------------------------------ ------------------------------------------------ ------------------------------------------------
  Primary      5.17± 0.75   2.83± 0.75[\*\*](#t1f1){ref-type="table-fn"}     2.17± 0.41[\*\*\*](#t1f2){ref-type="table-fn"}   1.33± 0.52[\*\*\*](#t1f2){ref-type="table-fn"}
  Secondary    4.17± 1.17   1.83± 0.41[\*\*\*](#t1f2){ref-type="table-fn"}   1.33± 0.52[\*\*\*](#t1f2){ref-type="table-fn"}   0.83± 0.41[\*\*\*](#t1f2){ref-type="table-fn"}
  Antral       2.67± 0.82   1.17± 0.41[\*\*\*](#t1f2){ref-type="table-fn"}   0.83± 0.41[\*\*\*](#t1f2){ref-type="table-fn"}   0.67± 0.52[\*\*\*](#t1f2){ref-type="table-fn"}

The values are expressed as mean±SD of 6 animals in each group. Significant difference

*P*-value\<0.01,

*P*-value\<0.001) as compare to control

![Number of follicular primary, secondary and antral in different test groups (25, 50, 100 µg/ml) in compare to the control group at 21 days after administrating movento with different concentrations. Data are expressed as mean±SD. The values are significantly different (\*\**P*-value\<0.01, \*\*\**P*-value\< 0.001)](IJBMS-19-1209-g001){#F1}

Ovary weight {#sec2-9}
------------

Ovary weight significantly reduced in exposed movento experimental groups in compare to the control group (\*\*\**P*-value\<0.001) ([Figure 2](#F2){ref-type="fig"}).

![Weight of ovarian in control group and treated groups at 21 days after administrating movento with different concentrations. Data are expressed as mean±SD. The values were significantly different (\*\*\**P*-value\<0.001)](IJBMS-19-1209-g002){#F2}

In vitro studies {#sec2-10}
----------------

Cell shrinkage, reducing cell volume, plasma membrane distortion, nuclear condensation and apoptotic bodies of granulosa cells which are all known as the apoptotic characteristics were observed in exposed movento experimental groups in compare to the control group ([Figure 3A](#F3){ref-type="fig"}).

![A) Cytomorphological effects of movento on granulosa cells. Granulosa cells were treated with different concentrations of movento (125, 250, 500 μg/ml). The morphology of granulosa cells 24 hr after treatment. B) The fluorescence micrograph of granulosa cells treated with different concentrations of movento (125, 250, 500 μg/ml) after 24 hr treatment with DAPI assay (20X magnification)](IJBMS-19-1209-g003){#F3}

Detecting apoptosis by DAPI staining {#sec2-11}
------------------------------------

Based on the output of DAPI staining, DNA fragmentation occurred in 125 µg/ml (particularly in 250 and 500 µg/ml) of granulosa cells of movento treated groups in compare to the untreated cells ([Figure 3B](#F3){ref-type="fig"}).

In DAPI staining, the nuclei are perfectly round in the untreated cells while the treated cells with movento showed some features of apoptosis such as condensed chromatin and fragmented nuclear.

Flow cytometry analysis for apoptosis detection {#sec2-12}
-----------------------------------------------

Annexin V-FITC is a recombinant protein that specifically binds to phosphatidylserine and remains with high affinity for distinguishing apoptosis from necrosis. Studying the effects of different movento pesticide concentrations on granulosa cells, using Annexin V-FITC/PI kit, indicated that in 125 µg/ml, 250 µg/ml and 500 µg/ml concentrations of movento the apoptotic ratio increased in treated granulosa cells compared to untreated cells. These results demonstrated that movento pesticide, like other chemical pesticide, inhibited granulosa cells proliferation by inducing apoptosis ([Figure 4](#F4){ref-type="fig"}).

![Flow cytometry results. Demonestrating apoptosis of granulosa cells, which were treated using different concentrations of movento, after 24 hr based on Annexin-v/PI assay. A) Control, B) 125 µg/ml, C) 250 µg/ml and D) 500 µg/ml of movento](IJBMS-19-1209-g004){#F4}

Effect of movento on FoxO1 and Vnn1 expression in granulosa cells {#sec2-13}
-----------------------------------------------------------------

Gene expression analysis involved in granulosa cells treated with various concentrations of movento was evaluated by real- time PCR. Our data exhibited increasing concentrations of movento elevated the transcription of FOXO1 and attenuated the expression of VNN1 in granulose cells as compared with the control group ([Figure 5](#F5){ref-type="fig"}).

![FoxO1 and Vnn1 genes expression in granulosa cells treated with various concentrations of movento (125, 250, 500 μg/ml). Data are expressed as mean±SD. The values are significantly different (\*\**P*-value \< 0.01, \*\*\* P-value \< 0.001) in comparison with the controls](IJBMS-19-1209-g005){#F5}

Discussion {#sec1-4}
==========

Commonly pesticides are used in agriculture, industry and health against insects and pests. Pesticides and insecticides have a wide range of infertility in men and women but relatively little is known about their possible adverse health effects, especially their female reproductive effects ([@ref5]). Exposure to pesticide during development could cause molecular and morphological alterations in the ovary, possibly leading to multiple reproductive abnormalities, including accelerated puberty, irregular reproductive cyclicity, and early reproductive senescence. Also, exposure directly affects the ovary, leads to adult ovarian dysfunction and female infertility ([@ref17]).

The present study is the first study to show the effect of movento pesticide on expression of folliculogenic genes in granulosa cells of mice. Our finding showed that exposure to movento significantly decreased ovarian weight in female mice. Also movento reduced the number of primary, secondary and antral follicles. Further, treatment with different concentration of movento induced apoptosis on granulosa cells, which might disrupt the reproductive system.

Mokhtar *et al* in 2013 showed that pesticides disrupt hormonal regulation, change the levels of estrogen and progesterone hormones, induce endocrine disorders, reduced ovulation and fertility, increased follicular atresia in rats ([@ref2]).

Also, exposed male rats to movento pesticide increased abnormal sperm cell count, caused hypospermya in epididymis, testicular weight loss and degeneration of the testes ([@ref6]).

Our results showed that treatment of mice with movento significantly decreased the number of ovarian follicles (primary and secondary and antral), which is similar to a study carried out by Saleh *et al* in 2014 ([@ref18]). They demonstrated the reduction in ovarian follicles, reduction of the corpus luteumas well as increase in the number of atretic follicles in rats treated with the carbamate insecticides.

Several studies display that the weight of the mice female reproductive system significantly decreased with thiodicarb treatment. Degeneration of the ovarian follicles and increase of atretic follicles induced by thiodicarb may result from the inhibition of RNA synthesis in the follicular cells ([@ref19], [@ref20]).

Previous studies, evaluated malathion-induced reproductive stress, damage and changes in apoptosis frequency in ovarian granulosa cells of antral follicles showed a positive correlation between malathion-induced lipid peroxidation and granulosa cell apoptosis. Bhardwaj and Saraf demonstrated that there is a significantly increased percentage of granulosa cell apoptosis in antral follicles at flow cytometry. Increased levels of apoptosis account for a large-scale loss of healthy follicles responsible for follicular atresia ([@ref21]).

This is in accordance with studies on other organophosphore substance increased level of atretic granulosa cells due to pesticide exposure ([@ref22], [@ref23]). Apoptosis in granulosa cells could be the consequence of several factors and in the influence of multiple pathways. Biochemical changes in the cells play a pivotal role in bringing down its apoptosis ([@ref24]).

Oxidative stress in the cell may cause cell death because ROS are cell permeable and can lead to activation of proapoptotic signaling molecules.

Malathion exposure induces cytogenetic damage in the granulosa cells that leads to condensation of chromatin, loss of nuclear membrane integrity, damage to the structure of mitochondria, and lipid droplets with increased vacuolization ([@ref21]). Sharma *et al* in 2015 showed that apoptosis of ovary granulosa cells can be an indicator of the apoptotic behavior of the cell against Triazophos -induced oxidative stress. As more atresia due to TZ intoxication, more granulosa cells were programmed to die through apoptosis ([@ref5]).

In the present study, movento has a moderate oxidative activity in different antioxidant systems and could induce apoptosis and inhibit the growth of granulosa cells in a dose dependent manner. Some genes are activated during development and are specific to a particular transformation during follicular development. Expression of these genes observed in atretic follicles is consistent with the reduced proliferation that characterizes this stage, and suggests that they can be used as biomarkers to identify follicles committed to atresia ([@ref25], [@ref26]).

Expression of some genes such as Vnn1 increased as a function of time as well as follicle diameter. These genes are potential indicators of follicular growth and/or differentiation. They are necessary to reach the maximal competence status ([@ref27]). Vnn1 (vanin1) is known to act as a regulator of tissue response to oxidative stress by modulating the GSH store in mouse ([@ref28], [@ref29]). Girard *et al* found that Vnn1 responded to oxidative stress and decreased expression of this gene is related to cell proliferation and its disruption caused atresia of granulosa cells and induced oxidative stress ([@ref30]). The previous studies showed that expression of Vnn1 (Vanin-1) in the development of mouse gonad is required to provide an appropriate environment for male germ cell development ([@ref31]).

Our findings showed that with increasing concentrations of movento, Vnn1expression levels decreased which is an indicative of atresia of granulosa cells.

FoxO transcription factors are known as critical mediators in the regulation of oxidative stress and apoptosis. FOXO1, FOXO3 and FOXO4 are expressed in rodent ovaries granulosa cells. Matsuda *et al* study indicated that the level of FOXO1 is elevated in granulosa cells of developing follicles ([@ref32]).

Shen *et al* in *in vivo* and *in vitro* models, demonstrated the involvement of FoxO1 in oxidative stress-induced apoptosis of mouse follicular granulosa cells (MGCs). Shen observations showed that increased apoptotic signals correlated with elevated expression of FoxO1 in MGCs when mice were treated with the oxidant ([@ref33]). Also, overexpression of wild-type FoxO1 or a constitutively active FoxO1 mutant apparently enhanced MGC apoptosis rates. In contrast, when the FoxO1 expression is knocking down, the MGCs could be prevented from the oxidant-induced apoptosis ([@ref33]). Evidence from various types of mammal cells indicated that FoxO1 induces apoptosis by activating apoptosis-related gene expression ([@ref34]).

Also, our real-time PCR analysis showed that FoxO1 expression significantly increased in granullosa cells, exposed to movento pesticide.

FoxO1 is expressed in mice ovarian follicles especially in granullosa cells and induces apoptosis in granullosa cells, suggesting that it is a candidate to identify follicular atresia.

Conclusion {#sec1-5}
==========

This study showed that exposure to movento significantly reduced ovarian weight, number of primary, secondary and antral follicles and apoptosis of granulosa cells which can lead to disruption the reproductive system. Also, this study showed that movento pesticide reduced expression of Vnn1 and increased FoxO1 genes in a dose dependent manner.
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